A syringe method was designed to test the effect of tampons on the growth of three toxic shock syndrome-associated strains of Staphylococcus aureus and their in vitro production of toxic shock syndrome toxin 1 (TSST-1) under different conditions. Various amounts of TSST-1 were recovered from different tampons inoculated with these strains. Generally, the addition of 10% porcine blood to the growth medium, incubation in the presence of 5% C02, or the combination of these two factors resulted in the stimulation of TSST-1 production.
Toxic shock syndrome (TSS), an acute multisystem disease associated with infection by certain strains of staphylococci (7, 13, 15) , most frequently affects young women during their menstrual periods but can be associated with staphylococcal infections of virtually any type (13, 15) . The TSS toxin 1 (TSST-1), produced by the staphylococci isolated from TSS patients, has been accepted as the major cause of TSS (2) . The toxin has been shown to produce in baboons many of the clinical and laboratory manifestations of TSS (6) . An association between menses-associated cases and the use of tampons has been reported (3, 5, 10, 13) . Two investigations have reported on the effect of tampons on the production of TSST-1 by Staphylcoccus aureus. Schlievert et al. (12) studied the effect of tampons in vitro on the growth of and production of TSST-1 by two S. aureus strains isolated from TSS patients. These authors reported that all tampons inhibited the production of TSST-1 but had little effect on growth of the staphylococci. Tierno and Hanna (14) also studied the effect of tampons on the growth of staphylococci and TSST-1 production. They reported that in the majority of cases increased amounts of TSST-1 were produced by the S. aureus strain used in these studies when compared with a control.
In this study, we used a syringe method (A. C. Assay for bacterial growth and TSST-1 production. The appropriate S. aureus strain was inoculated into 10 ml of 3 + 1 medium in a screw-cap culture tube and incubated at 37°C for 18 h. Fresh medium (300 ml) was inoculated with 3 ml of the culture to give a count of about 107 CFU/ml (determined by plate count). Each tampon tested was weighed, and 3 ml of inoculated medium was added per g of tampon. Half of the inoculated medium was added to a 30-ml disposable syringe (with plunger removed) (Becton Dickinson and Co., Rutherford, N.J.); this was followed by the addition of the tampon and the remainder of the inoculated medium. The syringes were covered with sterilized aluminum foil and incubated in a chamber with a constant exchange of air or an air-5% C02 mixture at 37°C for 22 h. Culture fluids were expressed by inserting the plunger and forcing it down on the inoculated tampons. To determine the bacterial population, culture fluids were serially diluted in 0.1% peptone and surface plated on 3 + 1 medium-agar plates. Colonies were counted after overnight incubation at 37°C (18 to 20 h). The expressed fluids were centrifuged (10,000 x g, 10 min) to remove bacterial cells. The concentration of TSST-1 in the supernatant fluid was determined serologically by a gel diffusion method with a detection limit of 0.5 ,ug/ml (4). Antiserum to TSST-1 used in the assay was prepared in rabbits (9) . Purified TSST-1 was prepared by column chromatography (8 CFU are given in Table 1 . Incubation under 5% C02 resulted in essentially equivalent growth to that obtained with air, but in general more TSST-1 was produced with 5% C02 (P < 0.00003). The addition of blood to the medium resulted in a decrease in growth of as much as one to two logs. However, the amount of TSST-1 produced was higher in medium with blood (P < 0.0089), accompanied by a very pronounced increase in micrograms of TSST-1 per CFU. Incubation under 5% C02 in the blood medium also resulted in significant increases in TSST-1 production when compared with incubation in air alone (P < 0.00003). The amount produced per CFU was much higher than that produced under 5% C02 without blood. ported (5, 10, 13), it has not been determined how tampons may be involved. The syringe method described here was an attempt to determine what some of the in vitro factors are that influence growth of staphylococci and toxin production in the presence of tampons. The syringe is similar in size to the syngyna used by the tampon manufacturers to measure the fluid capacity of tampons and prevents undue expansion of the tampons when fluid is added. This is considered important because in the in vivo situation the tampons are placed in a restricted area and are unable to expand to their full capacity of fluid uptake. In addition, the narrow diameter and small size of the syringe limit the amount of air available to the organisms. We added 3 ml of inoculated medium per g of tampon because it was less than the fluid capacity of the least absorbent tampon (4 ml/g for Kotex stick regular) in the 30-ml syringe. All of the fluid was taken up by the tampons, resulting in the growth of the staphylococci in close contact with the materials from which the tampons were made.
The control we used was the incubation of 9 ml of inoculated medium in a 30-ml syringe along with the syringes containing the tampons. Very little TSST-1 was produced because the staphylococci were growing in a static unaerated culture medium, which is not conducive to good toxin production. Placement of a tampon in the syringe disperses the medium over a large surface area, thus exposing the organisms to the available air in the tampons.
S. aureus is facultative; however, it grows better and produces more TSST-1 under aerobic conditions than under anaerobic ones (11) . The amount of oxygen available to the staphylococci in the syringe method is limited, yet a relatively large amount of TSST-1 was produced in many instances, particularly with the larger tampons. The fact that somewhat more air would be present in the larger tampons may account for this. Wagner et al. (17) showed that the 02 tension in a woman's vagina rose to almost atmospheric levels with the introduction of a tampon. Even so, the amount of air that would be present in tampons is limited, which might indicate that only a relatively small amount is required.
The experiments that were conducted under C02 indicated that C02 also is important during incubation (Table 1) . Incubation with the 3 + 1 medium under C02 resulted in at least a twofold increase in TSST-1 production without an accompanying increase in growth. Incubation under 5% C02 of the tampons to which the blood medium had been added resulted in increased growth and production of the largest amount of TSST-1 for most of the tampons.
In an attempt to make the medium more comparable to menstrual fluids, blood was added to the 3 + 1 medium for some of the experiments. This addition resulted in an increase in the production of TSST-1, with the exception of Rely and Tampax super-plus tampons ( Table 1 ). The increase in toxin production was accompanied by a decrease of up to two logs in staphylococcal growth, with the result that the productivity (toxin per 109 CFU) was greatly increased in most instances.
The chemical nature of the materials used in tampons may be important in the stimulation of the production of TSST-1.
Tampons that are made from polyacrylate have a high fluid capacity and have been implicated in TSS (13); however, not as much TSST-1 was produced with these tampons as with some of the cotton-rayon tampons. They do have a marked buffering effect in that the pH of the fluid expelled from them after the incubations was 6.9 to 7.4, depending on the type of experiment, versus pH 8.0 to 8.8 of the fluids from the other tampons. The buffering effect by these tampons may have been the reason for the slower growth of and lower TSST-1 production by the staphylococci; however, the effect in vivo may be very different because the major growth area is in all probability at the interface of the tampon and the vaginal wall.
Rely tampons were made from small pieces of polyester foam and carboxymethylcellulose chips which were placed in a bag. The results of our testing by the syringe method showed that Rely tampons were among the leaders in the quantities of TSST-1 recoverable. Experiments we did with the foam and the carboxymethylcellulose chips showed that the foam stimulated TSST-1 production and the carboxymethylcellulose chips did not. Although the polyester foam may be the major factor in the stimulation by Rely tampons, the tampon bag, the physical construction of the tampon, or any treatments the foam may have received may contribute also to the stimulation of TSST-1 production. In any event, the differences in TSST-1 production with the different brands appear to be related, at least in part, to the materials from which they are made. The only apparent difference between Playtex deodorant and nondeodorant tampons is the deodorant solution applied, yet the deodorant tampons did not stimulate the production of TSST-1 as did the nondeodorant ones. Apparently, the inhibition in toxin production was due to the presence of the deodorant solution. If the major area of growth of the staphylococci in vivo is at the interface of the tampon and the vaginal wall, it is likely that the deodorant would be removed from the growth area by the influx of the menstrual fluids into the tampon. Thus, one would expect in this case for the in vivo results to be different from those obtained with our method.
The syringe method is not a duplicate of the in vivo situation; however, the following conclusions can be drawn from its use in the in vitro study of tampons: (i) the presence of 02 does result in an increase in growth and a large increase in the production of TSST-1; (ii) incubation under 5% C02 in a restricted system results in increased production of TSST-1; (iii) the presence of blood in the medium, particularly with incubation under 5% CO2, results in an increase in the production of TSST-1 in most cases; and (iv) the composition of the tampons and the treatments they receive may have an effect on the production of TSST-1.
